Inflammation and genetic susceptibility influence the risk of lung cancer. During recent years, the role of complement as a part of the humoral response has advanced from being considered complementary to being regarded as a central element in innate immunity. C3 complement allotypes F and S have been associated with a number of inflammatory diseases. The C3F allele frequency is approximately 20% in Caucasian populations and the C3S approximately 80%, resulting in the three predominant genotypes FF (4%), FS (32%), and SS (64%). To our knowledge, no studies have investigated if different C3 allotypes or genotypes predict the risk of lung cancer. We tested in a long-term followup of 3,197 men aged 53 to 74 years the hypothesis that risk of lung cancer would depend on C3 complement genotypes. During 16 years, 160 subjects (5.0%) died from lung cancer, 68 men (6.1%) among complement C3 genotypes FS/FF, and 92 men (4.4%) among genotype SS; age-adjusted hazard ratio with 95%CI (HR) was 1.42 (1.04-1.94) and strongest, 2.71 (1.34-5.45), among the oldest fifth. C3 complement genotype variants were significantly associated with lung cancer mortality.
Introduction
Inflammation and the nature of the inflammatory response seem to be important determinants in the pathogenesis of lung cancer [1] [2] [3] [4] . During recent years, the role of complement as a part of the humoral response has advanced from being considered complementary to being considered a central element in innate immunity. C3 complement is a major player also during the adaptive immune reaction, and the complement system has been suggested to be a potential target for anticancer immunotherapy [5] [6] [7] . The C3F allele frequency is approximately 20% in Caucasian populations and the C3S approximately 80%, resulting in the three predominant genotypes FF (4%), FS (32%), and SS (64%).
Tumor cells in tumor tissues of various origin activate complement components including C3, so complement C3, the most abundant of the complement proteins, may have an important role in the elimination of tumor cells as discussed by Okroj et al. [8] and Jurianz et al. [9] . A number of studies suggest that functional differences exist between C3 complement allotypes F and S in the pathogenesis of various diseases like, for example, macula degeneration [10] , systemic vasculitis [11] , and glomerulonephritis [12] with a higher risk found in individuals with allotype F.
To our knowledge, the association of C3 complement genotypes with lung cancer has not previously been investigated. In order to elucidate the issue, we analysed if C3 complement allo-or genotypes were predictive of lung cancer mortality.
Material and Methods

Patient Characteristics.
The Copenhagen Male Study (CMS) was set up in 1970-1971 as a prospective cardiovascular cohort study of 5,249 Caucasian men with a mean age of 48 years (range 40-59). The examination comprised a short interview based on a previously completed questionnaire from which information was obtained on lifestyle including smoking habits [13, 14] .
In 1985-1986, a new baseline was established giving more comprehensive information about study participants. This baseline was used for the present study. All men from the 1970-1971 study were traced by means of the Danish Central Population Register. Between June, 1985, and June, 1986, all survivors (except 34 emigrants) from the original cohort were invited to take part in this study; 3,387 men (75%) agreed and gave informed consent; their mean age was 63 years (range 53-74). The 1985-1986 study took place at The Glostrup Population Studies, Glostrup Hospital, University of Copenhagen. Each subject was interviewed about a previously completed questionnaire and subjected to a clinical examination; a venous blood sample was taken for determination of C3 complement genotypes. With respect to C3 complement genotypes and lung cancer mortality diagnoses, useful information was available for 3,197 men. For no other single variable included did the proportion of missing values exceed 3%.
Methods
Complement C3 Typing.
Typing was carried out using agar gel electrophoresis using the method described by Teisberg [15] . Approximately 4% of C3 tests were discharged because of technical problems in the laboratory. Also 30 men with rare C3 variants were excluded from the analyses. The allotype distribution was in accordance with that of other Caucasian populations [16] resulting in the three predominant genotypes FF (4%), FS (32%), and SS (64%). Due to the small number of men with genotype FF, for the analyses the FF and FS genotypes were pooled.
Tobacco Smoking Habits.
The men classified themselves as never smokers, previous smokers, or current smokers. Current tobacco consumption was calculated from information about the number of cigarettes, cheroots, or cigars or the weight of pipe tobacco smoked daily. 1 cigarette was taken as equivalent to 1 g tobacco, 1 cheroot as 3 g tobacco, and 1 cigar as 4 g tobacco. As previously estimated by means of serum cotinine, the validity of tobacco reporting in the CMS was high [17] . Number of pack years was calculated based on information about average total daily use of tobacco in grams multiplied by number of years as a smoker divided by 20.
Dietary Factors.
Salt and fat intake was crudely measured based on two simple questions. Do you use more salt in your food than others? Do you try to avoid fat food?
Alcohol Consumption.
Total weekly consumption of alcohol was calculated from questionnaire items about average alcohol consumption on weekdays and at weekends. Intakes of beer, wine, and spirits were reported separately. One drink corresponded to 10-12 g ethanol.
Occupational Dust Exposure.
Information on potentially relevant physical and chemical respirable occupational exposures was obtained from the questionnaire. Long-term exposure was defined as frequent occupational exposure for [18] . Assumptions for the use of Cox proportional hazards were ascertained by inspection of the log-minus-log function at the covariate mean. A two-sided probability value of P < 0.05 was a priori taken as significant.
Ethics.
Each participant was informed that all personal data were confidential and gave written consent about participation. The study has been approved by the committee for ethics in medical research in the County of Copenhagen.
Results
Overall, in the population eligible for study, 160 men died from lung cancer (5.0%) during the period 1985-1986 to end of 2001. Table 1 shows univariate baseline characteristics of potential risk factors for lung cancer [19, 20] according to complement C3 genotype, comparing the FS/FF group with the SS genotype. Differences between the two groups were generally small. The FS/FF group was slightly younger than the SS group, and a statistically significant difference, that is, heterogenous distribution was observed with respect to alcohol use with a slightly higher proportion of abstainers as well as high consumers among the FS/FF genotype. Accordingly, age and alcohol use were regarded as potential confounders and included in the risk analyses presented in Table 2 . Table 2 shows relative risk (hazard ratio) of lung cancer mortality for the FS/FF genotype compared to genotype SS following different adjustments in forced entry models for the entire cohort (upper part of the table) and for the oldest fifth defined on the basis of quintile of age, 68 years (lower part of the table). The crude incidence of lung cancer mortality was 6.1% among men with complement C3 genotypes FS/FF (6.7% among genotype FF, 6.0% among genotype FS) and 4.4% among men with C3 SS genotype, a statistically significant difference between the two groups in a Cox proportional hazards analysis adjusting for age. Referencing complement SS genotype, hazard ratio (95% CI) for genotypes FS/FF was 1.42 (1.04-1.94). Among the oldest fifth, the excess risk of the FS/FF genotype compared to SS was more pronounced with an age-adjusted hazard ratio of 2.71 (1.34-5.45).
Baseline Characteristics.
In a final analysis, we analysed the hazard ratio of the FS and the FF genotype referencing genotype SS (not shown). The age-adjusted hazard ratio (95% CI) for genotype FS was 1.40 (1.01-1.94), P < 0.05 and for genotype FF 1.57 (0.79-3.12), P = 0.19.
Discussion
Complement C3 genotype variants were associated with risk of lung cancer with a higher risk among men with the F allotype and significant for men with the FS genotype.
The biological mechanism responsible for this apparent synergy of the C3 complement genotypes and the ABO system is at the time speculative. In their recent review paper, Markiewski and Lambris [6] discuss the issue, is complement good or bad for the cancer patients? Our results suggest that genotypes combinations FS and FF are bad and SS is goodat least when it comes to lung cancer and, also, as mentioned
